This paper deals with Dynamic Voltage Restorer (DVR) allocation in radial distribution systems by injecting series voltage. The DVR is used to inject both real and reactive powers into the system for voltage profile improvement and active and reactive power loss minimization. The objective of this paper is to identify the optimal location and series voltage of DVR using Particle Swarm Optimization (PSO) algorithm. The proposed method is tested on standard IEEE 33-bus system and the results are presented.
I. INTRODUCTION
In distribution systems the major concern is a power quality problem. Due to the radial nature of the distribution system, the voltage regulation at load end becomes poor. Voltage regulation is done by series voltage regulators and shunt capacitors. The various methods available for voltage regulation are shunt capacitor placement [1] [2] , integration of distributed generation (DG) [3] , the latest advancement is distribution FACTS (DFACTS) also called as Custom Power Devices (CPD). Traditionally, DFACTS devices are used in the power quality improvement.
In [4] , the optimal allocation of distribution static compensator (DSTATCOM) is carried out to mitigate network power loss and to improve node voltage magnitude. In [5] , the modeling of DVR for voltage correction and the performance of the device under different voltage sags condition is presented. Voltage quality improvement by using Dynamic Voltage Restorer (DVR) and Distribution Static Synchronous Compensator (D-STATCOM) are reported in [6] . Modeling of Series Static Voltage Restorer (SSVR) in load flow calculations for steady state voltage improvement is explained in [7] . Network reconfiguration technique [8] is also used to reduce the losses in radial distribution systems. Many load flow methods developed for radial distribution system [9] [10] [11] [12] .
Almost all of the models reported till now for DVR have been utilized for two bus system consisting of sensitive load and the source. Effects of DVR modeling on compensation of power quality problems of sensitive loads have been considered. However the effects of DVR on a large distribution system and other loads have not been considered. In this paper, the effect of DVR on large distribution system is considered for voltage improvement and loss reduction. The effect of the DVR is analyzed in the steady state condition. Suitable modifications are made to the load flow program in order to improve the voltage of desired node to 1 p.u in steady state condition. The optimization technique known as PSO [13] [14] , proposed by Dr. Eberhart and Dr. Kennedy is used to obtain optimum series voltage.
II. RADIAL DISTRIBUTION SYSTEM LOAD FLOW
Load flow analysis is essential for the analysis of the distribution system in steady state, to investigate the issues related to planning, design and the operation and control. There are many load flow methods available in the literature. In this paper, a load flow method based on BIBC and BCBV method [11] is used. Most of the distribution systems are radial systems fed at a single point and system has radial nature as shown in Fig.1 . 
The relation between branch current and bus voltages is given by
The receiving end voltages can be premeditated by forward sweeping across the line by subtracting the line section drop from the sending end voltages of the line section.
Thus, we obtain the voltage magnitude and phase angle, which completes the load flow. The total real and reactive power losses in a distribution system can be written as 
III. DYNAMIC VOLTAGE RESTORER
Dynamic Voltage Restorer (DVR) is a series device which is used to inject a series voltage to the network to improve the voltage profile. The Single Line Diagram of two buses of a radial distribution System with consideration of the DVR is as shown in Fig.2 . 
Step 1: Initialize the number of particles, maximum iterations, dimension, minimum and maximum series voltage limits and minimum and maximum velocity of the particles within the limits.
Step 2: Generate the particles and velocities randomly within the limits.
Step 3: Run the load flow by adding the series voltage in the branch as given in the equation (7). The voltage constraint imposed is the voltage at the optimal location should not exceed 1 p.u. Find the fitness function using equation (5) Step 4: pbest values for all the particles are obtained from the fitness values and the best value among all the particle best values (gbest) is identified.
Step 5: gbest and average fitness values are calculated.
Step 6: Iteration count is set to one.
Step 7: For all the particles, calculate the new velocities using equation
(1 , ) ( 
t = current iteration number T = maximum number of iterations
Step 8: Update the position of each particle as given in equation (11) 
Update the gbest from the latest pbest
Step 10: The iteration count is incremented and if the iteration count is not reached to max then go to step 7.
Step 11: gbest particle gives the optimal series voltage values and the results are printed.
V. RESULTS
The standard IEEE 33-bus radial distribution system is used to examine the applicability of DVR and illustrate the proposed approach.
Results of 33-bus system
The proposed algorithm is applied to 33-bus system [9] . The system has real load of 3715 kW and and reactive load of 2300 kVAr. Table 1 shows the voltage profiles. Table 2 shows the results for 33-bus system. Table 3 
VI. CONCLUSION
The effect of the DVR is considered by injecting both real and reactive power. The optimal location is the location at which minimum losses are obtained. The optimum series voltage is obtained by using PSO method. The results show that there is considerable improvement in voltage profile and reduction in losses.
